Abstract-We have analyzed HCN(1-0) and CS(2-1) line profiles obtained with high signal-to-noise ratios toward distinct positions in three selected objects in order to search for small-scale structure in molecular cloud cores associated with regions of high-mass star formation. In some cases, ripples were detected in the line profiles, which could be due to the presence of a large number of unresolved small clumps in the telescope beam. The number of clumps for regions with linear scales of ∼0.2-0.5 pc is determined using an analytical model and detailed calculations for a clumpy cloud model; this number varies in the range: ∼2 × 10 4 -3 × 10 5 , depending on the source. The clump densities range from ∼3 × 10 5 -10 6 cm −3 , and the sizes and volume filling factors of the clumps are ∼(1-3) × 10 −3 pc and ∼0.03-0.12. The clumps are surrounded by inter-clump gas with densities not lower than ∼(2-7) × 10 4 cm −3 . The internal thermal energy of the gas in the model clumps is much higher than their gravitational energy. Their mean lifetimes can depend on the inter-clump collisional rates, and vary in the range ∼10 4 -10 5 yr. These structures are probably connected with density fluctuations due to turbulence in high-mass star-forming regions.
INTRODUCTION
The problem of why star formation results in the formation of stars in clusters in some cases and in the appearance of isolated stars in others remains unsolved. It is known that stellar clusters in which high-mass stars are born are associated with higher mass, more turbulent cores of molecular clouds than those in which isolated stars are born. Regions of molecular emission associated with such cores probably do not fill the telescope beam completely; instead, they may have an inhomogeneous, clumpy structure that is unresolved in the observations (see, e.g., [1] ). There are many indirect pieces of evidence suggesting the existence of small-scale (unresolved) inhomogeneities in the dense cores of interstellar molecular clouds that are birthplaces of high-mass stars and stellar clusters. In particular, a clumpy structure for the molecular emission in objects associated with HII regions and H 2 O masers follows from the ratios of the observed peak intensities and widths of lines with different optical depths (see, e.g., [2, 3] ); this is confirmed by modeling of line profiles for various rotational transitions of the CS molecule in models with small clumps [4] . The absence of appreciable density variations in giant molecular clouds, where the gas column densities vary by more than an order of magnitude [5] , could also be due to the existence of small-scale density inhomogeneities. The masses of the cores derived from calculations of molecular excitation often prove to be higher than the virial masses or masses calculated from observational data on optically thin dust emission, likewise suggesting a clumpy structure for the molecular emission regions (see, e.g., [6] ). The detection of extended regions of emission in atomic carbon lines toward a number of high-mass star-forming regions [7] may also testify to the inhomogeneous structure of these regions, where more rarefied photon-dominated regions, where the effects of ultraviolet radiation are important, can apparently coexist with high-density gas.
Important evidence for small-scale clumpiness in high-mass star-forming regions is provided by observations of anomalies in the hyperfine structure of the J = 1-0 HCN line, manifest as a low relative intensity of the F = 1-1 component compared to the optically thin case. This is due to the overlap of local profiles of components in higher lying transitions, and depends on the degree of broadening of the local profiles. These anomalies arise in gas with kinetic temperatures 20 K, and should vanish when the widths of the local profiles become close to that of the observed HCN(1-0) profiles in these objects ( 2 km/s). However, if the objects consist of small, randomly moving clumps with densities close to the critical density for the given molecular transition and the line profiles of individual clumps are close to PIROGOV, ZINCHENKO thermal, the observed HCN(1-0) lines will display these anomalies, but have widths corresponding to the velocity dispersion of their relative motions [8] .
Estimation of the physical properties of small clumps that are not directly resolved in observations requires detailed calculations of radiative transfer in an inhomogeneous, fragmentary medium, with the subsequent computation of line profiles and comparison with the results of observations. This can involve a large number of unknown parameters and be fairly resource-intensive in a full study of the entire space of possible values of these parameters. Martin et al.
[9] proposed a simple analytical model in which a cloud was taken to consist of unresolved, randomly moving identical clumps with a small volume filling factor. Using this model, we can use the ratios of the intensities and widths of two lines having different optical depths to derive the relationships between parameters of the clumps. It was pointed out in [10, 11] that, if the volume filling factor of the clumps is low and the number of clumps in the line of sight at a given radial velocity is small, we should expect the appearance of ripples in line profiles. These ripples are due to fluctuations in the number of clumps in the line of sight at various velocities, and can be used to estimate the parameters of the clumps filling the beam.
However, detecting such ripples requires high sensitivity and high spectral resolution. To check the method, the above studies used mainly observational data on the most intense lower transitions of the CO molecule and its isotopic modifications in the dense cores of M17 SW and Orion A. Since these lines are efficient probes of gas with densities of ∼10 3 cm −3 , they are most likely tracers of the inter-clump gas, as is inferred by the spatial correlation of the atomic carbon and CO emission (see, e.g., [12] ). Searches for small-scale inhomogeneities are probably more fruitfully carried out using lines that trace gas with densities one to two orders of magnitude higher than the low CO transitions, such as CS(2-1) or HCN(1-0).
In this paper, we present measurements of CS(2-1) and HCN(1-0) lines, as well as isotopic modifications of these lines, toward selected positions in three dense molecular-cloud cores associated with highmass star-forming regions and possibly possessing an inhomogeneous, clumpy structure. We used the analytical method of [9, 11] and compared the observational data with the results of detailed calculations for a simple model of a cloud with small clumps. Our analysis has enabled us to estimate the physical properties of small, spatially unresolved clumps in the framework of the models considered.
RESULTS OF THE OBSERVATIONS
To confirm the existence of small-scale clumpiness of the dense gas in high-mass star-forming regions, we observed three dense cores associated with high-mass star-forming regions on the 20-m radio telescope in Onsala (Sweden) in 1999. We chose for these observations the objects S140, S199 (IC 1848A, AFGL 4029), and S235 (G173.72+2.70), which display anomalies in the hyperfine structure of the J = 1-0 HCN line, suggesting the existence of small clumps with thermal linewidths [8] .
The observations were carried out in the J = 1-0 line of HCN and J = 2-1 line of CS at 88.63 and 97.98 GHz, respectively. Some positions were observed in lines of rarer isotopes of these molecules, namely, the J = 1-0 line of H 13 CN and J = 2-1 line of C 34 S (at 86.34 and 96.41 GHz, respectively). The telescope beamwidths were 45 at the HCN(1-0) frequency and 39 at the CS frequency. The beam efficiencies at these frequencies were 0.59 and 0.56, respectively. The dependence of this factor on the source elevation was not taken into account; according to later measurements, this could result in an underestimation of the line intensities at low elevations of up to ∼30%. The single-sideband noise temperature of the system during most of the observing time was ∼170-350 K, depending on the weather conditions and source elevation. The observations were carried out toward two positions separated by an angular distance of 1.5 -2 , which exceeded the telescope beamwidth; thus, the distributions of small clumps for these positions could be assumed statistically independent. The signal-to-noise ratios were ∼30-250, and the integration times were 1-11 h, depending on the source and observed line. The list of sources, their coordinates and distances, and the spatial resolution of the observations in the various lines are given in Table 1 .
The spectrum analyzer was an autocorrelator with a 20-MHz bandwidth and a frequency resolution of 12.5 kHz; this corresponded to a velocity resolution of ∼40 m/s at the observed frequencies. However, analysis of the spectra at emission-free reference positions showed that adjacent channels of the autocorrelator were not independent (as was also noted in [11] ),
